Introduction {#s0001}
============

Gastrointestinal stromal tumors (GISTs) are the most common mesenchymal neoplasms of the GI tract with an estimated annual incidence of around 10 per million worldwide.[@cit0001],[@cit0002] The primary tumors are predominantly located in stomach (60%) and small intestine (25%), but also can arise in other organs, such as rectum and esophagus.[@cit0002] The morphology usually includes spindle cell type (70%), followed by epithelioid (20%) and mixed cell type (10%),[@cit0003] and are characterized by staining for CD117 and DOG1 (95% and 98%, respectively).[@cit0004],[@cit0005] The carcinogenesis of GIST is mainly associated with activating mutations in KIT protooncogene, receptor tyrosine kinase (*KIT*) or platelet-derived growth factor receptor alpha (*PDGFRA*), and also can harbor mutations in *BRAF, NF1* and *SDH* complex called "wild-type" GISTs (WT-GISTs).[@cit0006],[@cit0007]

At the time of diagnosis, up to 20% of patients have developed metastases which results in poor prognosis.[@cit0008] The sites most commonly affected by GIST metastasis are abdominal cavity and liver, but it can also infrequently metastasize extra-abdominally to bone, pleura and soft tissue.[@cit0002],[@cit0009] Although several reports of skin (including cutaneous and subcutaneous tissue) metastasis of a GIST (SM-GIST) have been published in the literature, it has not been well characterized to date.[@cit0010]--[@cit0018] Due to its challenging diagnosis, it is extremely necessary to summarize and analyze such cases in order to provide clinical guidance for the management of patients.

Materials and Methods {#s0002}
=====================

As of March 1, 2020, a total of 4 cases with SM-GIST had been identified from the GIST database of Xiangya Hospital of Central South University (Changsha, Hunan, China) which contains 881 GIST patients, and retrospective review of these 4 cases (Cases 1 to 4) was performed. The expression of CD117, CD34 and DOG1 was detected using a standard immunohistochemical method for all cases, and molecular analysis included *KIT* exon 9, 11, 13, 17 and *PDGFRA* exon 12, 18 was performed for three cases. We also reviewed 13 cases reported in the literature involving this uncommon metastatic pattern.

Results {#s0003}
=======

Case Series {#s0003-s2001}
-----------

### Case 1 {#s0003-s2001-s3001}

A 70-year-old male underwent tumor wedge gastric resection and was diagnosed as gastric stromal tumor (high-risk) 5 years ago. After surgery, the patient was treated with imatinib, but the therapy was discontinued due to severe hematotoxicity. At the current admission, imaging examination revealed tumor recurrence and metastasis to the stomach, liver and abdominal cavity, as well as the presence of multiple subcutaneous nodules in the left anterior abdominal wall. Due to suspected subcutaneous metastasis, excision biopsy was performed, and pathological examination revealed a tumor with spindled morphology, which stained positive for CD117, DOG1 and CD34 ([Figure 1](#f0001){ref-type="fig"}). Additional molecular analysis confirmed mutations in *KIT* exon 11 and 13 ([Figure 2](#f0002){ref-type="fig"}). The diagnosis was established by consistent histopathological features and mutations with GIST. Currently, the patient continues to be treated intermittently with imatinib due to hematotoxicity and refusal of sunitinib, and is experiencing stable disease.Figure 1(**A**) Subcutaneous nodules in the left anterior abdominal wall (arrow); (**B**) Surgical specimens after resection of subcutaneous nodule; (**C**) Abdominal computed tomography showed a subcutaneous nodule in the left anterior wall (arrow); (**D**) Histology of the subcutaneous nodule showed that the tumor cells were spindled (H&E staining, ×400); (**E**--**G**) CD117, DOG1 and CD34 immunohistochemistry is positive in the subcutaneous metastasis, respectively.Figure 2Sequencing results of KIT exon 11 and 13. The obvious double peaks in the sequencing diagram demonstrates there is mutation (red arrow). (**A**) and (**B**) Forward and reverse sequencing of *KIT* exon 11 (c.1740_1741ins(p.P577-H580dup)); (**C**) and (**D**) Forward and reverse sequencing of *KIT* exon 13 (c.1924A\>G(p.K642E)).

### Case 2 {#s0003-s2001-s3002}

A 52-year-old male presented with an isolated and painless subcutaneous nodule (3\*3 cm) in the right upper abdominal wall. His medical history revealed a high-risk duodenum GIST (size 22\*20\*5 cm, mitotic index\>5/10 HPF) and resection of tumor was performed 5 years earlier. However, adjuvant therapy with imatinib was not given after surgery duo to economic factors. One year later, imaging examination revealed that the tumor had metastasized into peritoneal cavity and lymph nodes. Resection of an abdominal mass was then performed and pathological examination revealed a tumor with classic spindled morphology, which stained for CD117, CD34 and DOG1. After that, the patient switched to sunitinib due to imatinib-resistance and at present the disease is in a stable state.

### Case 3 {#s0003-s2001-s3003}

A 29-year-old female underwent surgery for gastric GIST 10 years earlier in another hospital and was not treated with imatinib after surgery. Unfortunately, the details and specimen of the primary tumor were unavailable. Six months prior to the hospital visit, the patient experienced recurrence and multiple metastases in liver and the abdominal cavity. In addition, a subcutaneous nodule was found in her back and nodulectomy was performed. The subsequent histopathological analysis revealed a tumor with epithelioid morphology, which stained positive for DOG1, CD117 and CD34 but negative for succinate dehydrogenase B (SDHB) ([Figure 3](#f0003){ref-type="fig"}). Molecular analysis showed that there was no mutation in *KIT* and *PDGFRA*. According to the above results, the patient was diagnosed with SDH-deficient "wild-type" GIST. At present, treatment with imatinib has been stopped and switched to sunitinib due to progressive disease.Figure 3Immunohistochemical staining of SM-GIST (Case 3) showed the following: (**A**) CD117 (positive, ×100); (**B**) CD34 (positive, ×100); (**C**) DOG1 (positive, ×100); (**D**) SDHB (negative, ×100).

### Case 4 {#s0003-s2001-s3004}

A 51-year-old female presented to the department of gastrointestinal surgery with abdominal pain and mass 5 years earlier. The imagining examination revealed a retroperitoneal mass which was difficult to biopsy by minimally invasive surgery. Then, the resection of the retroperitoneal mass was performed and the tumor mass was diagnosed as GIST (7\*5\*2.8 cm) composed of spindle cells. The mitotic index was up to 10/50 HPF (high power field) and the immunohistochemistry (IHC) analysis showed that the tumor was positive for CD34 and DOG1. The patients had undergone treatment post-operatively with imatinib for 3 years and stopped medicinal treatment due to being disease-free.

After 18 months of withdrawal of the medication, the patient went to general surgery due to the development of enlarging subcutaneous nodules on the back and right thigh. A computed tomography (CT) scan also revealed retroperitoneal recurrence and pulmonary metastasis. An excisional biopsy of the back nodule was performed as skin metastases were suspected. The histological features were compatible with the known primary tumor, but the tumor only stained positive for CD34 and molecular analysis showed no mutation in *KIT/PDGFRA* ([Figure 4](#f0004){ref-type="fig"}). In view of the confirmed primary tumor and the efficacy of imatinib, the GIST subcutaneous metastasis was established, and the patient was treated with imatinib. During the 6-month follow-up, the pulmonary lesion shrank, but there was no change in the subcutaneous lesion.Figure 4Immunohistochemical staining of a primary tumor and skin metastasis. Primary tumor: (**A**) H&E staining, ×100; Immunohistochemical staining showed the following: (**B**) CD117 (negative, ×100); (**C**) DOG1 (positive, ×100); (**D**) CD34 (positive,×100). Skin metastasis: (**E**) H&E staining, ×100; Immunohistochemical staining showed the following: (**F**) CD117 (negative, ×200); (**G**) DOG1 (negative,×200); (**H**) CD34 (positive,×200).

Literature Review {#s0003-s2002}
-----------------

A review of the literature identified 9 articles describing 13 SM-GIST cases.[@cit0010]--[@cit0018] Therefore, combined with the 4 cases presented here, a total of 17 cases of SM-GIST have now been reported ([Table 1](#t0001){ref-type="table"}).Table 1Characteristics of Cases with SM-GISTCaseAge/SexSites of Initial DiagnosisRisk StratificationPrimary TherapyTime to Skin Metastases (y)Locations of SM-GISTRecurrence and Extracutaneous MetastasesMutationTherapy for MetastasesOutcomeOS (y)170/MStomachHigh-riskR+IM5AbdomenStomach, Liver, Abdominal cavityExon 11, 13IMAWD5.5252/MDuodenalHigh-riskR1AbdomenAbdominal cavityNAIM-SUAWD6329/FStomachR9.5BackLiver, Abdominal cavityWild-typeIM-SUAWD10451/FRetroperitonealHigh-riskR+IM4.5Back, ThighLung, Abdominal cavityWild-typeIMAWD55[@cit0010]49/MStomachHigh-riskR6Scalp, Anterior jaw, Thigh, GroinLiver, SpleenNAGemcitabine-ThalidomideAWD\>66[@cit0011]69/FStomachHigh-riskR4.5Upper armLiver, BoneWild-typeIM-SU-IMDOD57[@cit0012]68/MStomachR4Scalp3 cases have metastatic or recurrent abdominal tumorWild-typeEpirubicin-IfosfamideLOFLOF8[@cit0012]30/MStomachR (4 cases) TKIs (4 cases)0.9AbdomenExon 11 deletion2 cases: IM-SU 1 case: SU-clinical trialAWD7.29[@cit0012]56/MAbdomenHigh-risk2AbdomenExon 11 missenseAWD5.210^12^65/MStomach5.4CheekWild-typeDOD6.211[@cit0012]49/FSmall bowel12.9ScalpNADOD13.412[@cit0013]69/MDuodenal, LiverR+IM3Chest, ScalpSuperior rectusExon 11 deletionIM-SUAWD3.513[@cit0014]69/FStomach, ParaumbilicalR0NADied after Surgery014[@cit0015]51/MStomach, LiverB+TKIs6Back, Chest, ScalpLiverWild-typeIM-nilotinib-SUDOD\>615[@cit0016]60/FEsophagusHigh-riskIM+R3ShoulderEsophagus, LiverNAIMAWD416[@cit0017]56/FPelvic cavityHigh-riskR+Ra+C2ButtockLung, Pelvic cavity, SigmoidNAR-IMAWD517[@cit0018]49/MJejunal, LiverR+C2ButtockLiver, Cerebra, choroidal, ocularExon 9R+IM-SU11248DOD5[^2]

In these 17 cases, the average age at the diagnosis of SM-GIST was 55.4 years (29\~70 years) with a similar male-female ratio (10 vs 7). Primary tumors were often located in stomach (n=9), followed by duodenum (n=2), small intestine (n=2), pelvic cavity (n=1), esophagus (n=1), abdomen (n=1) and retroperitoneal (n=1). A total of 4 cases had metastases at the initial diagnosis and all the 8 cases with available detailed information of the localized primary tumors can be classified into high-risk group according to the 2008 modified NIH consensus. SM-GIST mainly occurred in the head and face (n=6), and extremities (n=6), followed by abdomen wall (n=5), back (n=3) and chest (n=2). Noteworthy, almost all the cases had metastases in other parts before or during the occurrence of SM-GIST. Eleven cases provided molecular analysis data, and wild-type (n=6) was the most common subtype, followed by mutation in exon 11 (n=4), exon 9 (n=1) and exon 13 (n=1).

Surgical resection was the main initial therapy (n=16), and after surgery, 6 cases received TKIs and 2 cases received chemotherapy. The average time to SM-GIST was 4.22 years, specifically 4.59 years in gastric and 3.8 years in non-gastric cancer. Moreover, for resection only group (including chemotherapy) such average time was 3.63 years, while for the combined group (resection and TKIs) it was about 4.74 years.

For SM-GIST, treatment predominantly included TKIs, combined with or without operation, and 2 cases received chemotherapy. A total of 15 cases had available follow-up (1 case was lost to follow-up and 1 case died after surgery). The average survival of the 15 cases was approximately 6.2 years, while after the diagnosis of SM-GIST, the average survival was more than 1.69 years. The prognosis of the cases with exon 11 mutations was better than those with WT-GIST (average survival, 2.63 vs 0.46 years, respectively).

Discussion {#s0004}
==========

Skin Metastasis of GIST (SM-GIST) {#s0004-s2001}
---------------------------------

GISTs metastasize mainly to liver and abdominal cavity, while metastases outside the abdomen occurs only in advanced patients.[@cit0002] SM-GIST, in particular, occurs in approximately 1% of advanced patients,[@cit0009] but a lower incidence has been reported in some studies.[@cit0019],[@cit0020] Maybe the reason is that, like our cases, skin nodules are the most frequent manifestations, and these nodules can be easily ignored due to their small size and asymptomatic patients. In this series, head and face and extremities were the most common sites for SM-GIST. This is largely because these areas are rich in blood supply and hematogenous metastasis is the preferred metastatic pathway of GIST, while the lymphatic pathway is uncommon.[@cit0002]

GIST has different malignant potentials which can be evaluated by the location, size and mitotic index (MI) of the primary tumors.[@cit0021] Non-gastric GISTs and tumor with larger tumor size or higher MI have a higher risk of recurrence and metastasis.[@cit0021] Like in our study, high-risk GIST is more likely to metastasize to the skin and gastric GIST has longer time to SM-GIST than non-gastric tumors. Tumor rupture is another important factor affecting prognosis. The 5-year recurrence-free survival (RFS) of patients with tumor rupture was 37%, but that of patients with minor defects of tumor integrity and no defect was 91% and 97% respectively.[@cit0022] Burkill et al reported 2 patients with subcutaneous metastases in relation to operation scars.[@cit0023] Thus, we should pay attention to distinguish iatrogenic diffusion especially the SM-GIST near the surgical scar, as these two metastatic patterns have different clinical and indicative significance.

The molecular subtype of GIST also has different prognostic and predictive relevance. GISTs with exon 9 mutation seem to be more aggressive than those with exon 11 mutation,[@cit0024],[@cit0025] and this is also manifested in KIT exon 13 mutant.[@cit0026] However, *PDGFRA* mutants and WT-GIST have lower metastatic potential than *KIT* mutants but they are less responsive to imatinib-based therapies and have a worse prognosis.[@cit0024],[@cit0027] Imatinib-resistance including primary and secondary resistance, is also a promoting factor. Tumor with *KIT* exon 9 and WT-GIST are resistant to IM at the beginning of the treatment. Although exon 11 mutation is sensitive to IM, secondary drug-resistance mutations will occur in the later stage.[@cit0028] As shown in our study, KIT exon 9, 11 and WT-GIST seem to be conducive to skin metastasis.

The median postoperative time for distant metastases of GIST is about 2 years.[@cit0029] However, in this study, the mean time to SM-GIST was 4.22 years. This discrepancy is related to that unlike carcinomas, which sometimes initially metastasize to the skin, SM-GIST is the late manifestation of disseminated diseases. A majority of patients had developed liver, abdominal metastasis before the occurrence of SM-GIST. Although the average survival was approximately 6.2 years, that was 1.69 years after diagnosis of SM-GIST. Similarly, Vandergriff et al reported that the mean survival in patients with cutaneous metastasis of leiomyosarcoma was only 10 months after diagnosis.[@cit0030] Therefore, SM-GIST indicates a widespread systemic disease that already exist and a poorer prognosis.

Diagnosis of SM-GIST {#s0004-s2002}
--------------------

The differential diagnosis of SM-GIST is a diagnostic challenge in which the morphological differential diagnosis is broad and includes primary and metastatic tumors, such as sarcomatoid carcinoma and melanoma.[@cit0012] About 10% of metastatic tumors can metastasize to the skin, among which breast cancer and melanoma are the most common.[@cit0031] Currently, IHC is a significant supplementary tool for histopathology to confirm the diagnosis of GIST. GIST has unique IHC features and staining for CD117 and DOG1 can establish the diagnosis of GIST.[@cit0004],[@cit0005] In a study involving 1168 GIST patients, CD117 and DOG1 had identical diagnostic sensitivity (94.7% and 94.4%, respectively) and their positive coincidence was very high (92.3% for both).[@cit0032] Furthermore, DOG1 is also specific and sensitive for CD117-negative GISTs.[@cit0007] Other IHC biomarkers including CD34 (70%), SMA (30--40%), S-100 protein (5%) and desmin (1--2%) also can be helpful for diagnosis.[@cit0033] Markers of skin spindle cell tumors have been described in previous reports.[@cit0012],[@cit0015] If necessary, mutation analysis can also help confirm the diagnosis, which is also of paramount importance for the selection of the optimal therapy.[@cit0034]

Dedifferentiation of GIST {#s0004-s2003}
-------------------------

Dedifferentiation is a process involving morphological and immunophenotypic alterations associated with tumor progression.[@cit0007] Pauwels et al first applied the term "dedifferentiation" to GISTs, and defined it as an alteration in the histological characteristics of the primary tumor, with the immunoreactivity of CD117 changing from positive to negative.[@cit0035] Subsequently, CD34 and DOG1 were also shown not to be expressed in anaplastic components of dedifferentiated GIST.[@cit0035],[@cit0036] Several studies reported that dedifferentiation of GIST occurred only in patients with long-term imatinib treatment.[@cit0035],[@cit0037],[@cit0038] This phenomenon can also occur in imatinib-naïve patients.[@cit0039]

Antonescu et al studied the potential molecular mechanism underlying GIST dedifferentiation.[@cit0039] Their study included 3 imatinib-resistant and 5 imatinib-naïve patients who experienced transition from GIST with CD117-positive and spindle cell morphology to those with CD117-negative and anaplastic components. Molecular analysis showed that there was no difference in *KIT* mutations between the classical and anaplastic components, and 4 patients harbored mutation in *KIT* exon 11 and the other were wild-type for KIT, *PDGFRA* and *BRAF* between two components analyzed. Compared to the conventional area, the anaplastic area harbored loss of one *KIT* in 3 patients and had low-level amplification of *KIT* in 2 patients. Therefore, the authors suggested that dedifferentiation of GIST may be caused by genetic instability involving low level of KIT amplification and loss of heterozygosity.[@cit0039] One of our cases (case 4) had loss of expression of DOG1 in SM-GIST ([Figure 2](#f0002){ref-type="fig"}) but no anaplastic components, and surgery is not an optimal choice due to advanced disease. Although dedifferentiation cannot be confirmed and stained for DOG1 and CD117, the SM-GIST was also diagnosed by medical history and efficacy of TKIs. Furthermore, there are few reports on the treatment of GIST after dedifferentiation and our study provides further insights in this regard.

Treatment {#s0004-s2004}
---------

Surgical resection is the gold standard for the treatment of localized GIST, which can cure approximately 60% of patients.[@cit0040] The prognosis of GIST which is low- or medium-risk is relatively good, but the recurrence of high-risk tumors is almost inevitable after resection.[@cit0029] Adjuvant imatinib, which has gradually become a supplement to surgical treatment, can reduce the risk of recurrence and metastasis, especially for the high-risk tumors.[@cit0001] For patients with localized GIST, 3 year of adjuvant imatinib can improve RFS (5-year RFS, 65.5%) and overall survival (OS) (5-year OS, 92.0%), and similar imatinib regimen is also recommended for high-risk patients in the NCCN guide.[@cit0024],[@cit0041] As shown in this study, resection combined with TKIs can delay the occurrence of SM-GIST.

Regarding the therapy for SM-GIST, what deserves our attention is that the treatment should focus on extracutaneous metastases, such as liver, abdominal cavity or lung instead of a skin lesion as it will not have a serious adverse effect on the function of the body. In addition, the resection of SM-GIST can play both diagnostic and therapeutic roles. Two Phase III studies confirmed the long-term efficacy of imatinib in patients with advanced GIST, with a median OS of more than 4 years.[@cit0009],[@cit0042] Furthermore, patients with *KIT* exon 11 mutation can benefit more from imatinib treatment than those with wild-type, *PDGFRA* and other *KIT* mutations.[@cit0043] When resistance to imatinib, sunitinib and regorafenib are recommended as the second- and third-line drugs for advanced disease.[@cit0024] Metastasectomy is controversial and should be considered carefully. Among the patients with responsive disease, the median progression-free survival (PFS) after surgery was 31 months, better than patients with stable disease, unifocal progression and multifocal disease (19, 10 and 5 months, respectively).[@cit0044]

In conclusion, primary tumor location, therapy for primary disease, risk stratification, tumor burden and molecular subtype may affect the occurrence of SM-GIST. When in doubt, clinicians should perform a comprehensive skin examination. IHC and molecular analysis can establish the diagnosis of SM-GIST. The focus of the treatment with TKIs is for extracutaneous metastases, and surgery should be performed if necessary.

However, our study has some limitations. First, due to the rarity of this condition, the number of patients in the study is relatively small. Second, the clinicopathological data of some patients are incomplete, which may deviate the results of the study. Third, this study is a retrospective study with possible selection bias. Fourth, the cases included in this study had a long-time span, and the treatment methods were different in different periods and centers. On the other hand, this is the first systematic retrospective study on SM-GIST. A larger sample size study is needed and we hope that this study will improve the clinical understanding of GIST and its skin metastasis.
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